Paper Alert  by Regan, Lynne et al.
R115
Paper alert
Chosen by Lynne Regan1, Luis Serrano2, Andrej Šali3, Amnon Horovitz4
and Charles Wilson5
A selection of interesting papers published in recent
months in those major journals most likely to report
significant results in protein and RNA folding and
design.
Addresses: 1Department of Molecular Biophysics and Biochemistry,
Yale University, 266 Whitney Avenue, Box 6666, New Haven, CO
06520, USA. 2EMBL, Meyerhofstrasse 1, Heidelberg D-69012,
Germany. 3Box 270, Rockefeller University, 1230 York Avenue, New
York, NY 10021-6399, USA. 4Department of Structural Biology,
Weizmann Institute, IL-76100, Rehovot, Israel. 5Department of Biology
and Center for the Molecular Biology of RNA, University of California,
Santa Cruz, CA 95064, USA.
Folding & Design 1996, 1:R115–R119
n Synchrotron X-ray studies suggest that the core of the
transthyretin amyloid fibril is a continuous b-sheet
helix. Colin Blake and Louise Serpell. Structure 4,
989–998.
Amyloid diseases, which include Alzheimer’s disease and the
transmissible spongiform encephalopathies, are characterized
by the extracellular deposition of abnormal protein fibrils
derived from soluble precursor proteins. Although different
precursors seem to generate similar fibrils, no adequate
molecular structure of amyloid fibrils has been produced using
modern techniques. The authors investigate the structure of
amyloid fibrils from patients with familial amyloidotic
polyneuropathy, which are derived from transthyretin variants,
by fibre diffraction methods using synchrotron radiation. For
the first time, a significant high-angle diffraction pattern has
been observed showing meridional reflections out to 2 Å
resolution. This pattern is fully consistent with the previously
reported cross- structure for the fibril, but also reveals a new
large-scale fibre repeat of 115 Å. The authors interpret this
pattern as that of a repeating unit of 24  strands which form a
complete helical turn of  sheet about an axis parallel to the
fibre axis. This work suggests that amyloid fibrils have a novel
molecular structure consisting of  sheets extended in regular
helical twists along the length of the fibre. This implies that
the polypeptide chains in the fibres are hydrogen-bonded
together along the entire length of the fibres, thereby
accounting for their great stability.
15 August 1996. Structure.
n Direct evidence for a two-state protein unfolding
transition from hydrogen–deuterium exchange, mass
spectroscopy, and NMR. Qian Yi and David Baker. Protein
Sci. 5, 1060–1066.
The authors use mass spectroscopy in conjunction with
hydrogen–deuterium exchange and NMR to characterize the
conformational dynamics of the 62-residue IgG-binding
domain of protein L under conditions in which the native state
is marginally stable. Mass spectra of protein L after short
incubations in D2O reveal the presence of two distinct
populations containing different numbers of protected protons.
NMR experiments indicate that protons in the hydrophobic
core are protected in one population, whereas all protons are
exchanged for deuterons in the other. As the exchange period
is increased, molecules are transferred from the former
population to the latter. The absence of molecules with a
subset of the core protons protected suggests that exchange
occurs in part via a highly concerted transition to an excited
state in which all protons exchange rapidly with deuterons. A
simple model in which exchange results from rapid (>105 s–1)
local fluctuations around the native state superimposed upon
transitions to an unfolded excited state at ~0.06 s–1 is supported
by qualitative agreement between the observed mass spectra
and the mass spectra simulated according to the model using
NMR-derived estimates of the proton exchange rates.
June 1996. Protein Science.
n Structure of the amino-terminal core domain of the
HIV-1 capsid protein. Rossitza K Gitti, Brian M Lee, Jill
Walker, Michael F Summers, Sanghee Yoo and Wesley I
Sundquist. Science 273, 231–235.
The three-dimensional structure of the amino-terminal core
domain (residues 1–151) of HIV-1 capsid protein has been
solved by multidimensional heteronuclear magnetic resonance
spectroscopy. It is composed of seven  helices, two  hairpins
and an exposed partially ordered loop. The binding site for
cyclophilin A, a cellular rotamase that is packaged into the
HIV-1 virion, is located on the exposed loop and encompasses
the essential proline residue Pro90. In the free monomeric
domain, Pro90 adopts kinetically trapped cis and trans
conformations, raising the possibility that cyclophilin A
catalyzes interconversion of the cis- and trans-Pro90 loop
structures.
12 July 1996. Science.
n RhNGF slow unfolding is not due to proline
isomerization: possibility of a cystine knot loop-
threading mechanism. Linda R De Young, Louise E
Burton, Jun Liu, Michael F Powell, Charles H Schmelzer
and Nicholas J Skelton. Protein Sci. 5, 1554–1566.
The unfolding of recombinant human -NGF in GdnHCl was
found to be time dependent, with the denaturation midpoint
moving to lower GdnHCl concentrations over time.
Dissociation and extensive unfolding of the NGF dimer
occurred rapidly in 5 M GdnHCl, but further unfolding of the
molecule occurred over many days at 25°C. Fluorescence
spectroscopy, size-exclusion and reversed-phase HPLC,
ultracentrifugation, and proton NMR spectroscopy were used
to ascertain that the slow unfolding step was between two
denatured monomeric states of NGF (M1 and M2). Proton
NMR showed the monomer formed at early times in GdnHCl
(M1) had little -sheet structure, but retained residual
structure in the tryptophan indole and high-field methyl
regions of the spectrum. This residual structure was lost after
prolonged incubation in GdnHCl, giving a more fully unfolded
monomer, M2. The properties of the slow unfolding step are
inconsistent with a proline isomerization mechanism. The
authors propose a model for the slow unfolding reaction where
the amino terminus threads through the cystine knot to form
M2, a loop-threading reaction, increasing the conformational
freedom of the denatured state.
August 1996. Protein Science.
n Large heat capacity change in a protein–monovalent
cation interaction. Enriqueta R Guinto and Enrico Di Cera.
Biochemistry 35, 8800–8804.
Current views about protein–ligand interactions state that
electrostatic forces drive the binding of charged species and
that burial of hydrophobic and polar surfaces controls the heat
capacity change associated with the reaction. For the
interaction of a protein with a monovalent cation, the
electrostatic components are expected to be significant due to
the ionic nature of the ligand, whereas the heat capacity
change is expected to be small due to the size of the surface
area involved in the recognition event. The physiologically
important interaction of Na+ with thrombin was studied over
the temperature range 5–45°C and the ionic strength range
50–800 mM. These measurements reveal an unanticipated
result that bears quite generally on studies of molecular
recognition and protein folding. Binding of Na+ to thrombin is
characterized by a modest dependence on ionic strength, but a
large and negative heat capacity change of –1.1 ± 0.1 kcal mol–1
K–1. This large heat capacity change is hard to reconcile with
current views on the origin of this effect from surface area
changes or large folding transitions coupled to binding. It is
proposed that the change is linked to burial of a large cluster of
water molecules in the Na+-binding pocket upon Na+ binding.
Due to their reduced mobility and highly ordered structure,
water molecules sequestered in the interior of a protein must
have a lower heat capacity compared to those on the surface of
a protein or in the bulk solvent. Hence, a binding or folding
event where water molecules are buried may result in
significant heat capacity changes independent of changes in
exposed hydrophobic surface or coupled conformational
transitions.
9 July 1996. Biochemistry.
n A host–guest set of triple-helical peptides: stability of
Gly-X-Y triplets containing common nonpolar residues.
Naina K Shah, John AM Ramshaw, Alan Kirkpatrick, Chirag
Shah and Barbara Brodsky. Biochemistry 35,
10262–10268.
Host–guest peptide sets have been useful in evaluating the
propensity of different amino acids to adopt an -helical or -
sheet form, and this concept is applied here to the triple-
helical conformation. A set of host–guest peptides of the form
acetyl-(Gly-Pro-Hyp)3-Gly X-Y-(Gly-Pro-Hyp)4-Gly-GlyCONH2
were designed to evaluate the contribution of an isolated 
Gly-X-Y triplet to triple-helix stability in a defined
environment. All peptides formed stable triple-helical
structures, and the peptides showed a range of thermal
stabilities (Tm = 21–44°C), depending on the identity of the
guest triplet. Thermodynamic calculations indicate that these
peptides have a range of free energy values (G =
9 kcal mol–1) and suggest that favorable entropy is the
dominant factor in increased stability. Replacement of Ala by
Leu in the X position did not affect the thermal stability, while
an Ala→Leu change in the Y position was destabilizing. These
data provide experimental evidence that hydrophobic residues
do not stabilize the triple-helical conformation. Although Leu
and Phe are found almost exclusively in the X position in
collagens, peptides with Leu and Phe in the Y position formed
stable triple-helices. This supports the hypothesis that the X
positional preference of these residues relates to their
increased potential for intermolecular hydrophobic interactions
rather than their destabilization of the triple-helical molecule.
August 1996. Biochemistry.
n Emergence of preferred structures in a simple model
of protein folding. Hao Li, Robert Helling, Chao Tang and
Ned Wingreen. Science 273, 666–669.
Protein structures in nature often exhibit a high degree of
regularity (e.g, secondary structure and tertiary symmetries)
that is absent from random compact conformations. With the
use of a simple lattice model of protein folding, it was
demonstrated that structural regularities are related to high
‘designability’ and evolutionary stability. The designability of
each compact structure is measured by the number of
sequences that can design the structure – that is, sequences
that possess the structure as their nondegenerate ground state.
Compact structures differ markedly in terms of their
designability; highly designable structures emerge with a
number of associated sequences much larger than the average.
These highly designable structures possess ‘protein-like’
secondary structure and even tertiary symmetries. In addition,
they are thermodynamically more stable than other structures.
These results suggest that protein structures are selected in
nature because they are readily designed and stable against
mutations, and that such a selection simultaneously leads to
thermodynamic stability.
2 August 1996. Science.
n Search for the most stable folds of protein chains: I.
application of a self-consistent molecular field theory
to a problem of protein three-dimensional structure
prediction. BA Reva and AV Finkelstein. Protein Eng. 9,
387–397.
The authors present a general approach to the prediction of 3D
folds of protein chains from their amino acid sequences. The
approach is based on the use of the self-consistent molecular
field theory for long-range interactions, the use of 1D statistical
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mechanics for short-range interactions and on the discovery
that there is and should only be a relatively small discrete set
of folding patterns. This makes it possible to examine the full
variety of ‘potentially stable’ folds and to determine the
thermodynamically stable structure. The authors give the
general theoretical background of the approach. The
encouraging results of the application of this approach to 
β-domains are described in another paper.
May 1996. Protein Engineering
n The magnitude of the backbone conformational
entropy change in protein folding. J Alejandro D’Aquino,
Javier Gómez, Vincent J Hilser, Kon Ho Lee, L Mario Amzel
and Ernesto Freire. Proteins 25, 143–156.
The magnitude of the conformational entropy change
experienced by the peptide backbone upon protein folding
was investigated experimentally and by computational
analysis. Experimentally, two different pairs of mutants of a 33
amino acid peptide corresponding to the leucine zipper region
of GNC4 were used for high-sensitivity microcalorimetric
analysis. Each pair of mutants differed only by having alanine
or glycine at a specific solvent-exposed position under
conditions in which the differences in stability could be
attributed to differences in the conformational entropy of the
unfolded state. The differences in stability between the
different mutants could be attributed to differences in
conformational entropy. The computational studies were
aimed at generating the energy profile of backbone
conformations as a function of the mainchain dihedral angles φ
and ϕ . The energy profiles permit a direct calculation of the
probability distribution of different conformers and therefore
of the conformational entropy of the backbone. The
experimental results indicate that the presence of the methyl
group in alanine reduces the conformational entropy of the
peptide backbone by 2.46 ± 0.2 cal K-1 mol-1 with respect to
that of glycine, consistent with a 3.4-fold reduction in the
number of allowed conformations in the alanine-containing
peptides. Similar results were obtained from the energy
profiles. The computational analysis also indicates that the
addition of further carbon atoms to the sidechain had only a
small effect as long as the sidechains were unbranched at
position β. A further reduction with respect to alanine of only
0.61 and 0.81 cal K-1 mol-1 in the backbone entropy was
obtained for leucine and lysine, respectively. β-branching (Val)
produces the largest decrease in conformational entropy
(1.92 cal K-1 mol-1 less than ALA). Finally, the backbone
entropy change associated with the unfolding of an α-helix is
6.51 cal K-1 mol-1 for glycine. These and previous results have
allowed a complete estimation of the conformational entropy
changes associated with protein folding.
June 1996. Proteins: Structure, Function and Genetics.
n A dataset of protein–protein interfaces generated with
a sequence-order-independent comparison technique.
Chung-Jung Tsai, Shuo Liang Lin, Haim J Wolfson and
Ruth Nussinov. J. Mol. Biol. 260, 604–620.
While there are a number of structurally nonredundant
datasets of protein monomers, there is none of protein–protein
interfaces. Yet, the availability of such a dataset is expected to
provide an added insight into a number of investigations. First
and foremost among these is analyzing the interfaces to obtain
their prevailing architectures, the forces that account for the
protein–protein associations and their packing considerations.
Their comparisons with those of the monomers are likely to
shed additional light on protein–protein recognition on the one
hand and on the folding of the polypeptide chain on the other.
Docking simulations are also expected to benefit from the
existence of such a dataset. A major stumbling block to the
generation of a dataset of interfaces has been that the interface
is composed of at least two chains. Furthermore, in the
interfaces, each of the chains might be represented by
noncontiguous pieces. Their order in the interfaces being
compared might be different as well. The novel, efficient,
sequence-order-independent structural comparison technique
described here ideally suited to handle the task of the
generation of a library of structurally nonredundant
protein–protein interfaces. As it is computer-vision based, it
views atoms as collections of points in space, disregarding their
chain connectivity. In this work, 351 interface-families are
created. Comparisons of the interfaces, and separately, of the
chains which contribute to them, yield some interesting cases.
In one of the cases, while two interfaces are similar, the
structure of only one of the two chains is similar between the
two complexes. The structure of the second chain of the first
complex differs from that of the second chain of the second
complex. Here the structure of the cleft in the first chain
dictates the specific binding interactions. In another case,
while the interfaces in the two complexes are similar, both
chains composing them differ between the complexes. Lastly,
the chains composing the complexes are so similar, but the
interfaces are dissimilar, providing a set of data for
investigations of the favourable orientation of protein–protein
associations.
26 July 1996. Journal of Molecular Biology.
n Exploring the energy landscapes of molecular
recognition by a genetic algorithm: analysis of the
requirements for robust docking of HIV-1 protease and
FKBP-12 complexes. Gennady M Verkhivker, Paul A
Rejto, Daniel K Gehlbaar and Stephen T Freer. Proteins
250, 342–353.
Energy landscapes of molecular recognition are explored by
performing ‘semi-rigid’ docking of FK-506 and rapamycin with
the Fukisawa binding protein (FKBO-12), and flexible
docking simulations of the Ro-31-8959 and AG-1284 inhibitors
with HIV-1 protease by a genetic algorithm. The requirements
of a molecular recognition model to meet thermodynamic and
kinetic criteria of ligand–protein docking simultaneously are
investigated using a family of simple molecular recognition
energy functions. The critical factor that determines the
success rate in predicting the structure of ligand–protein
complexes is found to be  the roughness of the binding energy
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landscape, in accordance with a minimal frustration principle.
The results suggest that further progress in structure
prediction of ligand–protein complexes can be achieved by
designing molecular recognition energy functions that generate
binding landscapes with reduced frustration.
July 1996. Proteins: Structure, Function and Genetics.
n The human cytosolic molecular chaperones hsp90,
hsp70 (hsc70) and hdj-1 have distinct roles in
recognition of a non-native protein and protein
refolding. Brian C Freeman and Richard I Morimoto.
EMBO J. 15, 2969–2979.
The properties of molecular chaperones in protein-assisted
refolding were examined in vitro using recombinant human
cytosolic chaperones hsp90, hsc70, hsp70 and hdj-1, and
unfolded β-galactosidase as the substrate. In the presence of
hsp70 (hsc70), hjd-1 and either ATP or ADP, denatured β-
galactosidase refolds and forms enzymatically active
tetramers. Interactions between hsp90 and non-native β-
galatosidase neither lead to refolding nor stimulate hsp70-
and hdj-1-dependent refolding. However, hsp90 in the
absence of nucleotide can maintain the non-native substrate
in a ‘folding competent’ state which, upon addition of hsp70,
hdj-1 and nucleotide, leads to refolding. The refolding
activity of hsp70 and hdj-1 is effective across a broad range of
temperatures from 22°C to 41°C, yet at extremely low (4°C)
or high (>41°C) temperatures refolding activity is reversibly
inhibited. These results reveal two distinct features of
chaperone activity in which a non-native substrate can be
either maintained in a stable folding-competent state or
refolded directly to the native state; first, that the refolding
activity itself is temperature sensitive and second, that hsp90,
hsp70 (hsc70) and hdj-1 each have distinct roles in these
processes.
17 June 1996. The EMBO Journal.
n Structural analysis of substrate binding by the
molecular chaperone DnaK. Xiaotian Zhu, Xun Zhao,
William F Burkholder, Alexander Gragerov, Craig M Ogata,
Max E Gottesman and Wayne A Hendrickson. Science
272, 1606–1614.
DnaK and other members of the 70-kDa heat-shock protein
(hsp70) family promote protein folding, interaction and
translocation, both constitutively and in response to stress, by
binding to unfolded polypeptide segments. These proteins
have two functional units: a substrate-binding portion binds
the polypeptide, and an ATPase portion facilitates substrate
exchange. The crystal structure of a peptide complex with the
substrate-binding unit of DnaK has now been determined at
2.0 Å resolution. The structure consists of a β-sandwich
subdomain followed by α-helical segments. The peptide is
bound to DnaK in an extended conformation through a
channel defined by loops from the β-sandwich. An α-helical
domain stabilizes the complex, but does not contact the
peptide directly. This domain is rotated in the molecules of a
second crystal lattice, which suggests a model of conformation-
dependent substrate binding that features a latch mechanism
for maintaining long-lifetime complexes.
14 June 1996. Science.
n Conformational states bound by the molecular
chaperones GroEL and SecB: a hidden unfolding
(annealing) activity. Ralph Zahn, Sarah Perrett and Alan R
Fersht. J. Mol. Biol. 261, 43–61.
The authors have analyzed the conformational states of
barnase that are bound by the molecular chaperones GroEL
and SecB. Line broadening in the NMR spectra of barnase in
the presence of chaperone indicates binding of the native state
of barnase to both GroEL and SecB, with a dissociation
constant of >3 × 10–4 M for the GroEL–native barnase
complex. GroEL and SecB catalyze the hydrogen/deuterium
exchange of amide proteins of barnase that require global
unfolding for exchange to occur, indicating that both
chaperones bind to a fully unfolded state of barnase. Binding
of the denatured state was also detected by a reversible
lowering of the melting temperature of barnase in the presence
of chaperone. The dissociation complex between denatured
barnase and either chaperone is 5 × 10–8 M. The chaperone-
bound fully unfolded state is a minor conformation that would
not be seen by direct observation under physiological
conditions, as the folding intermediate of barnase is the most
populated state in the complex. The rate-limiting step for
exchange of buried amide protons of bound barnase is the
unfolding of the folding intermediate, which is retarded >2000-
fold in the complex with GroEL. The reverse refolding step is
retarded >1000-fold by GroEL leading to an EX1 mechanism
for exchange. In contrast, unfolding of native barnase is
catalyzed by >1000-fold. Thus, molecular chaperones GroEL
and SecB have the potential to act in vivo and in vitro as a
folding/transport-scaffold to prevent aggregation of partially
folded states by binding; as an annealing-machine to generate
continuous unfolding of misfolded states until a low-affinity
state is formed; and as an unfoldase to catalyze unfolding of the
misfolded states.
9 August 1996. Journal of Molecular Biology.
n Prion protein PrPc interacts with molecular chaperones
of the Hsp60 family. Frank Edenhofer, Roman Rieger,
Michael Famulok, Wolfgang Wendler, Stefan Weiss and
Ernst-Ludwig Winnacker. J. Virol. 70, 4724–4728.
Prions mediate the pathogenesis of certain neurodegenerative
diseases, including bovine spongiform encephalopathy in cattle
and Creutzfeldt–Jakob disease in humans. The prion particle
consists mainly, if not entirely, of PrPSc, a posttranslationally
modified isoform of the cellular host-encoded prion protein
(PrPc). It has been suggested that additional cellular factors
might be involved in the physiological function of PrPc and in
the propagation of PrPSc. The authors employ a Saccharomyces
cerevisiae two-hybrid screen to search for proteins which interact
specifically with the Syrian golden hamster prion protein.
Screening of a HeLa cDNA library identified heat shock protein
60 (Hsp60), a cellular chaperone, as a major interactor for PrPc.
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The specificity of the interaction was confirmed in vitro for the
recombinant proteins PrPc23–231 and rPrP27–30 fused to
glutathione S-transferase with recombinant human Hsp60 as
well as the bacterial GroEL. The interaction site for
recombinant Hsp60 and GroEL proteins was mapped between
amino acids 180 and 210 of the prion protein by screening with a
set of recombinant PrPc fragments. The binding of Hsp60 and
GroEL occurs within a region which contains parts of the
putative α-helical domains H3 and H4 of the prion protein.
July 1996. Journal of Virology.
n Structural basis of RNA folding and recognition in an
AMP–RNA aptamer complex. Feng Jiang, R Ajay Kumar,
Roger A Jones and Dinshaw J Patel. Nature 382,
183–186.
The authors present the solution structure, as determined by
multidimensional NMR spectroscopy and molecular dynamics
calculations, of both uniformly and specifically 19C, 15N-
labelled 40-mer RNA containing the ATP-binding motif
complexed with AMP. The aptamer adopts an L-shaped
structure with two nearly orthogonal stems, each capped
proximally by a G⋅G mismatch pair, binding the AMP ligand at
their junction in a GNRA-like motif..
11 July 1996. Nature.
n Kinetic pathway for folding of the Tetrahymena
ribozyme revealed by three UV-inducible crosslinks.
William D Downs and Thomas R Cech. RNA 2, 718–732.
The kinetics of RNA folding were examined in the L-21
ribozyme, an RNA enzyme derived from the self-splicing
Tetrahymena intron. Three UV-inducible crosslinks were
mapped, characterized, and used as indicators for the folded
state of the ribozyme. Together these data suggest that final
structures are adopted first by the P4–P6 independently
folding domain and only later in a region that positions the P1
helix (including the 5′ splice site), a region whose folding is
linked to that of a portion of the catalytic core. At intermediate
times, a non-native structure forms in the region of the triple
helical scaffold, which connects the major folding domains.
July 1996. RNA.
n Isolation of a local tertiary folding transition in the
context of a globally folded RNA. Geeta J Narlikar and
Daniel Herschlag. Nat. Struct. Biol. 3, 701–710.
Binding of the Tetrahymena ribozyme’s oligonucleotide
substrate represents a local folding event in the context of a
globally folded RNA. Substrate binding involves P1 duplex
formation with the ribozyme’s internal guide sequence to give
an ‘open complex’, followed by docking of the P1 duplex into
tertiary interactions to give a ‘closed complex’. The authors
have isolated the open complex as a thermodynamically stable
species using a site-specific modification and high Na+
concentrations. This has allowed characterization of P1
docking, which represents a folding transition between local
secondary and local tertiary structure..
August 1996. Nature Structural Biology.
n A characteristic bent conformation of RNA
pseudoknots promotes –1 frameshifting during
translation of retroviral RNA. Xiaoying Chen, Hunseung
Kang, Ling X Shen, Mario Chamorro, Harold E Varmus and
Ignacio Tinoco Jr. J. Mol. Biol. 260, 479–483.
The structures of four different RNA pseudoknots that
provide one of the signals required for ribosomal frameshifting
in mouse mammary tumor virus have been determined by
NMR. The RNA pseudoknots have similar sequences and
assume similar secondary structures, but show significantly
different frameshifting efficiencies. Changes in loop size that
favor bending (shorter loops) increase frameshifting efficiency;
longer loops that allow linear arrangement of the stems
decrease frameshifting.
26 July 1996. Journal of Molecular Biology.
n RNA-catalysed RNA polymerization using nucleoside
triphosphates. Eric H Ekland and David P Bartel. Nature
382, 373–376.
The authors describe an RNA that synthesizes RNA using the
same reaction as that employed by protein enzymes that
catalyze RNA polymerization. In the presence of the
appropriate template RNA and nucleoside triphosphates, the
ribozyme extends an RNA primer by successive addition of up
to six mononucleotides. The ribozyme shows a marked
template fidelity: extension by nucleotides complementary to
the template is up to 1000 times more efficient than is
extension by mismatched nucleotides.
25 July 1996. Nature.
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